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[57] ABSTRACT 

An apparatus for vacuum-sealing a vial includes a table 



for receiving the vial temporarily closed with a rubber 
stopper, a vertically movable enclosing device having a 
chamber at the lower end thereof for air-tightly enclos- 
ing a mouth of the vial in the chamber to hold the vial 
securely on the table when the enclosing device is low- 
ered, a rubber stopper suction head vertically movable 
within the chamber of the enclosing device indepen- 
dently thereof, a first evacuating means adapted to com- 
municate with the chamber so as to evacuate the vial, a 
second evacuating device adapted to communicate with 
the rubber stopper suction head, whereby, after the 
enclosing device is lowered to enclose the vial in the 
chamber, the rubber stopper suction head is lowered to 
suck the rubber stopper and is raised to remove the 
rubber stopper from the mouth of the vial so as to evac- 
uate the vial, and the rubber stopper suction head is then 
again lowered to vacuum-seal the vial with the rubber 
stopper. A cam mechanism controls the vertical move- 
ments of the enclosing device and the rubber stopper 
suction head, which are evacuated in timed relation to 
the vertical movements thereof through a valve device. 



9 Claims, 13 Drawing Figures 
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FIG. 6 is a diagram of the operation of the sliding 

APPARATUS FOR VACUUM-SEALING A VIAL valve of FIG. 4 controlling the vertical movements of 

an enclosing means and the rubber stopper suction head 

The present invention relates to a method and an in timed relation to the evacuation thereof by the sliding 

apparatus for vacuum-sealing a vial. 5 valve; and 

It is necessary that a vial which contains a powdered FIGS. 7 to 12 are sectional views illustrating the 
injection medicine be sealed with a rubber stopper so operation of the apparatus of the invention, 
that the inside of the vial is under a reduced pressure Referring now to FIG. 1 showing an apparatus suit- 
since gases are generated to cause the internal pressure able for carrying out the method of the invention and 
to rise when water is added to the medicine upon its use. 10 FIG- 3 showing an upper main portion of the apparatus 

One conventional apparatus for this purpose employs of FK»- 1. a fixed vertical shaft 12 is mounted at the 
a method in which a rubber stopper is removed from the center of a base 11. In the fixed shaft 12 is rotatably and 
mouth of a vial by means of a claw mechanically oper- coaxially mounted a main rotary shaft 15 between a 
ated by a cam in a vacuum chamber so as to evacuate a thrust bearing 13 and a roller bearing 14 interposed 
vial placed therein, and the rubber stopper is then fitted 15 between the two shafts 12 and 15. A table 16 is inte- 
into the mouth of the vial. This method, however, re- SJ^Y formed with the base 11 and positioned there- 
quires a complicated mechanism and is apt to cause above fo / supporting a medicine-containing vial G 
impure substances such as oil and dust to be mixed with A main wheel 17 ' or a vial carrying wheel, having 
the medicine in the vial during the vacuum-sealing op- pockets 26 in the outer periphery thereof at intervals to 
eration. The method is therefore not desirable because 20 receive and carrv vials fa flxed t0 the main rotarv shaft 
of the bad effect on the quality control of the medicine. 15 so as t0 be "datable therewith. A vial supply wheel 
A further disadvantage in the method is that the control " and a via } discharge wheel 19 are fixed to rotary 
of opening and closing the vial is not easy since the claw s ** fts ?4 and 55, respectively, so as to be rotatable 
is cam-operated therewith, and are positioned so as to overlap with the 

According to another conventional method, which is 25 main 1 wh ^ " * the , ™ ter Pf *P he L rv then ? f ' J% v t ial 

at present in a wide use, individual batches of vials are ? up P Iy * heeI * 8 . and the ™ ! Charge wheel 19 also 

sealed in a lyophilizer. The apparatus for carrying out * ave P ocke * 26 Slmilar t0 . those ™ the main ™ h( * 1 17 at 

the method includes a chamber which has horizontal th * r ^^TVV^/ ^ carrv . vials , Arcuat ^ 

shelves in vertically spaced relationship and which is „ g " ,de * 20 ' 2 ) and ? 2 are fa *. m TT^t 

connected to an evacuating means. A vial containing a 30 aI ° ng * e ? ut f ********* th * whe <* 17 > 18 a » d 19 > 

~wA~--a m ~A'*„:~ v ♦ u u ir «*v *t. i respectively, to support and guide a vial received in a 

powdered medicine is put on each shelf with the lower nnrtrt i& nf h h i 

end of a long stopper lightly inserted into the mouth of P ^r^lTft K w * ™ r< a a * 

.i . , * .i *T ,° . ... 4 A , The mam rotary shaft 15 has a gear 23 fixed thereto 

S ^fiSi?t?T^ 15 ? TJT I ♦ under the teble 16 which is drive ™ ^ « electric motor 

^^^^tt^^^T S ° T 35 27 throu S h a conventional reduction device within a 

the lower face of the second lowest shelf presses the box w Xhe rota shafts 54 and 55 ^ have u 

rubber stopper down against the vial on the lowermost ^ u respectively, which engage with the gear 23 on 

she f to seal the mouth of the vial. Then, the second the main ^ sha > t 17 so tha * f or example S when the 

shelf from the bottom is elevated thereby sealing the main wheel 17 rotates cIockwise> the via i supp , y whee l 

via on that shelf in the same manner as above. This 40 18 ^ ^ vial discharge wh eel 19 rotate counterclock- 

method also has the disadvantage that impure sub- wise M shown by arrows in FIG 2| and a ket 26 of 

stances are apt to be mixed with the medicine in the vial one wheel is pos i t ioned coaxially with a pocket of an- 

since much time is required between the filling of the other wheel at a predetermined intervals of time during 

medicine into the vial and the sealing of the vial. An- the rotation of the wheel$) whe reby a vial supplied to 

other disadvantage is that the apparatus according to 45 the vial supply wheel i 8 is received in a pocket of the 

the method cannot be incorporated into a conveyor main whee i 17j and transferred from there into a pocket 

system due to its batch type operation, making it diffi- 0 f the vial discharge wheel 19. 

cult to achieve saving of labor with such a method. To the fixed shaft 12 is fixed a cylindrical cam 28 

It is therefore an object of the invention, for obviating which has a first cam groove 30 and a second cam 
the disadvantages involved m the prior art systems, to 50 groove 31 formed on the outside thereof. In the first 
provide a method and an apparatus for vacuum-sealing cam groove 30 and the second cam groove 31 engage a 
a vial or the like which has a simple construction and f irs t cam follower 32 and a second cam follower 33, 
which is suitable for incorporating into a conveyor line respectively, through both of which a spindle 39 ex- 
operation. tends> 

Other objects and features of the invention will be 55 A plurality of frames 29 are fixed to the main rotary 

apparent from the following description with reference shaft 15 so as to be rotatable therewith, and the upper 

to the accompanying drawings, in which: and lower members of the frames extend radially from 

FIG. lis a front view of an apparatus for carrying out the shaft 15. The spindle 39 is secured to the upper 

the method of the present invention; member of the frame 29 so as to be vertically movable 

FIG. 2 is a sectional view taken on line 2—2 of FIG. 60 above a pocket 26 of the main wheel 17 by a bearing 36 

*I mounted oh the frame 29. 

FIG. 3 is a sectional view of a main portion of the The first cam follower 32 is supported on the lower 

apparatus of FIG. 1; member of the frame 29 so as to be vertically movable 

FIG. 4 is a top view of a sliding valve used in the in engagement with the first cam groove 31, indepen- 

apparatus of FIG. 1; 65 dently of the spindle 39, by a bearing 35 mounted on the 

FIGS. 5A and 5B are sectional views of a rubber lower member of the frame 29, and has at the lower end 

stopper suction head for sucking and holding a rubber portion thereof an enclosing means 34 telescopically 

stopper used in the apparatus of the invention; engaging therewith and cushioned by a spiral spring 37. 
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The spindle 39 is air-tightly extended into the enclos- flexible tube 51 and a hole 60 extending through the 
ing means 34 and is movable along and the enclosing wall 63 of the chamber 56. On the other hand, the sec- 
means 34 independently of any movement of the enclos- ond opening 50 communicates with the air passage 43 at 
ing means, and has at the lower end thereof a rubber the upper end of the spindle 39. 

stopper suction head 41 which is vertically movable 5 Furthermore, the first opening 49 is arranged to com- 
together with the spindle 39 within the chamber and municate with the first vacuum channel 47 for a prede- 
which opens at the lower end only. The chamber 56 is termined time and then with the first ventillatjng chan- 
adapted to communicate with a sliding valve 44 hel 66 as the main wheel 17 rotates with the main rotary 
through a first flexible tube 51 such as a rubber tube, shaft 15. Similarly, the second opening 50 is arranged to 
through which the chamber 56 is evacuated. At the 10 communicate with the second vacuum channel 48 for a 
lower edge of the enclosing means 34 is an annular predetermined time and then with the second ventillat- 
packing 40 which, upon the lowering of the means 34, ing channel 65 as the main wheel rotates, 
abuts the shoulder of a vial not only to enclose the vial In place of the ventillating channels 65 and 66 com- 
and seal the mouth thereof against the atmosphere but bined with the path 67 extending thereacross to the 
also to hold the vial securely within the chamber 56. 15 peripheral end of the fixed member 45, a slit or an ap- 
The rubber stopper suction head 41 has a tapered perture, not shown, which extends axially through the 
inner face 42 forming a dish-like hollow 59 open at the fixed member 45 can be used for communicating the 
lower end thereof which communicates with an air openings 49 and 50 with the atmosphere, 
passage 43 extending through the spindle 39. The air With the sliding valve 44 constructed as described it 
passage 43 is connected at the upper end of the spindle 20 will be understood from the diagram shown in FIG. 6, 
39 with a second flexible tube 52 such as a rubber tube for example, that the rubber stopper suction head 41 is 
which is in turn connected with the sliding valve 44. evacuated when the second vacuum opening 50 com- 
The tapered face 42 is so formed that the inside diame- municates with the second vacuum channel 48, and the 
ter thereof is larger than the outside diameter of a vial G chamber 56 is evacuated when the first opening 49 
at the lower end of the hollow 59 and smaller at the 25 communicates with the first vacuum channel 47, while 
deeper portions of the hollow 59, whereby the rubber the main wheel 17 rotates. When the main wheel 17 
stopper C is mechanically pushed into or sucked into further rotates, the openings 49 and 50 then communi- 
the hollow 59 so as to be held against the inner face 42 cate with the ventillating channels 66 and 65 to be open 
of the suction head 41. The inner face 42, however, is to the atmosphere. 

not limited in its shape to the shape shown, as can 30 It is desirable that the air passage 43 be evacuated to 
readily be understood, and can have various shapes a higher degree of vacuum than the chamber 56 so that 
other than the tapered shape. the rubber stopper is fast held on the suction head 41 

In the second cam groove 31 is engaged the second since the rubber stopper should be held by the suction 
cam follower 33, which is connected to the spindle 39 head in the chamber which is also evacuated. The pref- 
with a spiral spring 38 providing a cushion therebe- 35 erable pressure difference, although depending upon 
tween, whereby the spindle 39 moves vertically follow- the weight of the rubber stopper, suction area effective 
ing the movement of the cam follower 33. for sucking the rubber stopper, the shape and size of the 

The sliding valve 44 comprises a fixed member 45 rubber stopper, conditions of the temporary fitting of 
fixedly secured to the fixed shaft 12 and a rotary mem- the rubber stopper into the mouth of a vial and other 
ber 46 fixedly mounted on the upper radial members of 40 factors, is at least 30 Torr when the lower edge of the 
the frames 29. These two members 45 and 56 are in an rubber stopper suction head 41 abuts the upper flat face 
air-tightly slidable relationship at the surface therebe- of the rubber stopper as shown in FIG. 5A. For exam- 
tween, to which a lubricating material such as grease is pie, when the second tube 52 is evacuated so that the 
supplied from a lubricant reservoir 53 to keep the abut- pressure in the tube is 5 Torr, the pressure inside the 
ting surfaces air-tightly slidable. 45 chamber 56 is controlled to be 35 Torr to 50 Torr. 

As shown in FIGS. 3 and 4, the fixed member 45 has However, when the upper part of the rubber stopper is 
two pairs of channels, one pair being vacuum channels inserted into the dish-like hollower 59 of the rubber 
47 and 48, arid the other pair being ventillating channels stopper suction head 41 with the tapered face abutting 

65 and 66. the outer periphery of the stopper, as shown in FIG. 5B, 
Each pair of the channels is formed on the inner face 50 the rubber stopper can be held on the suction head 41 

parallel to the periphery of the fixed member 45 with under a slight pressure difference or no difference due 
one channel spaced radially from the other. The first to the mechanical gripping of the stopper by the tapered 
vacuum channel 47 and the second vacuum channel 48 face 42 of the rubber stopper suction head 41. 
are connected to a first vacuum pump 61 and a second FIG. 6 also shows an example of controlling the 
vacuum pump 62, respectively, whereas both the first 55 vertical movement of the enclosing means 34 through 
ventillating channel 66 and the second ventillating the engagement of the first cam follower 32 with the 
channel 65 are open to the atmosphere through a ventil- first cam groove 31, and of the suction head 41 through 
lating passage 67 extending across the channels 65 and the engagement of the second cam follower 33 with the 

66 so as to open at the peripheral edge of the fixed second cam groove 31, in timed relation to the evacua- 
member 45. 60 tion of the rubber stopper suction head 41 and of the 

The inner face of the rotary member 46 forms the chamber 56 during the rotation of the main wheel 17. 
mating surface with the inner face of the fixed member In operation, a rubber stopper C is placed in the 
45. The rotary member 46 is provided with a plurality mouth of a vial G which contains a powdered injection 
of pairs of openings 49 and 50 corresponding to the medicine by means of a stopper feeder 57, for example 
number of pockets in the main wheel 17. Each pair of 65 as shown in FIG. 7, and the rubber stopper is then 
openings consists of a first opening 49 and a second pressed lightly with a rotary roller 58 so that the stop- 
opening 50. The first opening 49 communicates with the per will not fall out of the mouth of the vial, as shown 
chamber 56 of the enclosing means 34 through the first in FIG. 8, while the vial is carried by the vial supply 
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wheel 18, for example. The vial thus closed temporary 
with the rubber stopper is then fed to a pocket 2<? of the 
main wheel 17. 

As the vial is received in the pocket and carried by 
the rotation of the main wheel 17, the first cam follower 5 
32 also rotating with the main wheel 17 causes the en- 
closing means 34 to be lowered due to the engagement 
of the first cam follower 32 with the first cam groove 
30, until the annular packing 40 abuts the tapered shoul- 
der of the vial to receive the upper portion thereof in 10 
the chamber 56, thereby positioning the vial precisely at 
the center of the chamber 56 and securely holding the 
vial in position on the table 16 as well as blocking the 
mouth of the vial from the atmosphere by the engage- 
ment of the lower edge of the chamber 56 with the 15 
tapered shoulder of the vial. 

During this blocking of the mouth of the vial, the 
second cam follower 33 engaged with the second cam 
groove 31 causes the spindle 39 having at the lower end 
thereof the rubber stopper suction head 41 to be low- 20 
ered so that the lower edge of the rubber stopper suc- 
tion head 41, or the annular edge around the hollow 59, 
makes contact with the upper face of the rubber stopper 
C, as shown in FIG. 5A. Depending upon the size and 
shape of the rubber stopper suction head 41, or of the 25 
rubber stopper, the rubber stopper suction head 41 will 
receive the rubber stopper in the hollow 59 thereof with 
the upper periphery of the rubber stopper abutting the 
inner face 42 of the suction head 41, as shown in FIG. 
SB. After this, the rubber stopper suction head 41 is 30 
evacuated to suck the rubber stopper through the com- 
munication of the second opening 50 with the second 
vacuum channel 48 which is connected to the second 
vacuum pump 62. 

After the suction head 41 is elevated by the elevation 35 
of the second cam follower 33 to remove the rubber 
stopper out of the mouth of the vial, as shown in FIG. 
10, the chamber 56 of the enclosing means 34 is evacu- 
ated by the communication of the first opening 49 with 
the first vacuum channel 47 which is connected with 40 
the first vacuum pump 61 so as to evacuate the vial 
air-tightly enclosed in the chamber 56 for a predeter- 
mined time as the vial is carried by the main wheel 17 
according to the diagram shown in FIG. 6, followed by 
the lowering of the suction head 41 to vacuum-seal the 45 
vial with the rubber stopper as shown in FIG. 11. 

After the vacuum-sealing of the vial, the first opening 
49 and the second opening 50 then communicate with 
the first ventillating channel 66 and the second ventillat- 
ing channel 65, respectively, due to the further rotation 50 
of the main wheel 17, whereby the chamber 56 and the 
rubber stopper suction head 41 are opened to the atmo- 
sphere. Both of the enclosing means and the suction 
head are then elevated according to the diagram. The 
vial thus vacuum-sealed is fed to the discharge wheel 19 55 
to be taken out from the apparatus. 

If desired, the rubber stopper suction head 41 can be 
at first lowered to suck the rubber stopper, and then the 
enclosing means 34 can be lowered, followed by the 
removal of the rubber stopper and the evacuation of the 60 
chamber and the vial. It can be readily understood that 
by a slight modification of the diagram as above de- 
scribed the modified operation can be performed. 

As above described, since the mouth of the vial is 
always covered by the enclosing means during the 65 
vacuum-sealing, and the rubber stopper is removed 
from the mouth of the vial while it is within the cham- 
ber of the enclosing means by the suction head accord- 



ing to the invention, the possibility of impure substances 
being mixed with the medicine in the yial during the 
vacuum-sealing is greatly reduced. Furthermore, when 
the vial is supplied to the vial supply wheel with the 
rubber stopper temporarily closing the yial, no impure 
substances will be mixed with the medicine during the 
feeding of a vial to the apparatus. ... 

The invention has a further advantage in that since 
the operation proceeds without interruption, the 
method and the apparatus are suitable for incorporating 
into a completely automatic conveyor system, thereby 
reducing the amount of labor needed in the sealing 
operation to a great extent. 

I claim: 

1. An apparatus for vacuum-sealing a vial comprising: 

a base having a shaft fixed therein; 

a table on said base supporting a vial temporarily 
closed by a rubber stopper; 

a first rotary means for carrying the vial along said 
table around a vertical axis; 

a vertically movable enclosing means above said table 
and movable downwardly for air-tightly enclosing 
therein the mouth of the vial and holding the vial 
securely on the table; 

a rubber stopper suction head vertically movable 
within the enclosing means for engaging the rubber 
stopper and applying a vacuum thereto for with- 
drawing it from the vial; said enclosing means and 
suction head being movable around said vertical 
axis; • • 

a cylindrical cam fixed to said shaft; 

a first cam follower movable around said shaft and 
engaging with the cylindrical cam and connected 
to said enclosing means for moving the enclosing 
means vertically; 

a second cam follower movable around said shaft and 
engaging with the cylindrical cam and connected 
with said suction head for moving said suction 
head vertically within the enclosing means in timed 
relation to the vertical movement of the enclosing 
means; 

a first evacuating means adapted to communicate 
with the enclosing means; 

a second evacuating means communicating with the 
rubber stopper suction head for applying vacuum 
to the stopper in timed relation to the evacuation of 
the enclosing means; and 

a valve device for communicating the enclosing 
means with the first evacuating means and for com- 
municating the rubber stopper suction head with 
the second evacuating means independently of 
each other in timed relation to the lowering of the 
rubber stopper suction head and of the enclosing 
means; 

whereby, while the vial is carried by the first rotary 
means, the enclosing means air-tightly encloses 
therein the mouth of the vial, and when the rubber 
stopper suction head is lowered the rubber stopper 
is drawn against it, and then said suction head ele- 
vates to remove the rubber stopper from the mouth 
of the vial, and the enclosing means is evacuated in 
timed relation to the evacuation of the rubber stop- 
per suction head, thereby permitting the evacua- 
tion of the vial within the enclosing means for a 
predetermined time, and the rubber stopper suction 
head is then lowered to close the vial with the 
rubber stopper. 
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2. An appararatus for vacuum-sealing a vial as 
claimed in claim 1 wherein said enclosing means has at 
the lower end thereof a chamber which is open at the 
lower end thereof to receive and enclose the mouth of 
the vial therein in air tight relationship so as to hold the 5 
vial securely on the table when the enclosing means is 
lowered, said chamber being communicated with said 
first evacuating means for evacuation of the vial within 
the chamber. 

3. An apparatus for vacuum-sealing a vial as claimed 10 
in claim 1 wherein said rubber stopper suction head has 
an annular edge around a hollow provided at the lower 
end of the rubber stopper suction head, said edge abut- 
ting the upper face of the rubber stopper when the 
rubber stopper suction head is lowered. 15 

4. An apparatus for vacuum-sealing a vial as claimed 
in claim 1 wherein said rubber stopper suction head has 
an annular edge around a hollow provided in the lower 
end of the rubber stopper suction head for receiving the 
rubber stopper when the rubber stopper suction head is 20 
lowered. 

5. An apparatus for vacuum-sealing a vial as claimed 
in claim 1 wherein said first rotary means is fixed to the 
rotary shaft and has a plurality of pockets in the periph- 
ery thereof at intervals therearound, and wherein said 25 
cylindrical cam has a first cam groove and a second cam 
groove, the first cam groove having the first cam fol- 
lower engaged therein, said first cam follower having 
the enclosing means at the lower end thereof, and the 
second cam groove having the second cam follower 30 
engaged therein, and said valve device comprises a 
fixed member and a rotary member slidably abutting 
each other in air-tight slidable relationship, one of the 
members of said valve device having a first vacuum 
passage for connection to a first vacuum pump, a sec- 35 
ond vacuum passage for connection to a second vacuum 
pump, and a ventillating means communicating with the 
first and second vacuum channels and with the atmo- 
sphere, the first vacuum passage and the second vacuum 
passage being channels in one abutting face of said fixed 40 
and movable members parallel to the periphery of the 
channeled member, and the other member having a first 
opening and a second opening, the first opening com- 
municating with the chamber of the enclosing means 
and with the first vacuum channel, and the second 45 



opening communicating with the rubber stopper suc- 
tion head and with the second vacuum channel while 
the rotary member rotates. 

6. An apparatus for vacuum-sealing a vial as claimed 
in claim 5 further comprising: 

a means connected to the fixed member of said valve 
device for supplying a lubricant material to the 
abutting surfaces of the members of the valve de- 
vice for keeping the abutting surfaces slidable. 

7. An apparatus for vacuum sealing a vial as claimed 
in claim 1, in which said fixed shaft is a vertical shaft 
along said vertical axis, said apparatus further compris- 
ing: 

frame means rotatable around said fixed shaft; 

a spindle supported by the frame means for vertical 
movement above a pocket of said first rotary 
means, the spindle being connected to the second 
cam follower and having at the lower end thereof 
said rubber stopper suction head, said spindle hav- 
ing an air passage extending longitudinally there- 
through and communicating with the hollow in the 
rubber stopper suction head and adapted to com- 
municate with the second vacuum pump through 
said valve device. 

8. An apparatus for vacuum-sealing a vial as claimed 
in claim 1 further comprising: 

a second rotary means for supplying a vial to the first 
rotary means; and 

a third rotary means for receiving the vial from the 
first rotary means, both said second and third ro- 
tary means having a plurality of pockets at inter- 
vals in the peripheries thereof and overlapping 
with the first rotary means at the periphery thereof 
so that a vial received in a pocket of the second 
rotary means is fed to a pocket of the first rotary 
means, and the vial, after being vacuum-sealed 
while being carried by the first rotary means, is 
then received in a pocket of the third rotary means 
to be discharged from the apparatus. 

9. An apparatus for vacuum-sealing a vial as claimed 
in claim 1 further comprising means for applying a 
higher degree of vacuum to the rubber stopper suction 
head than to the chamber of the enclosing means. 
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